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Abstract 
Background: before using a speech recognition system for the neonatal documentation, the 
underlying neonatal information has to be specified and structured. Up to now, the pre-structuring the 
first comprehensive examination of newborn (U2) and the respective data set entries has not been 
described in literature, yet. The common booklet for the documentation of the German U2 does not 
contain all examinations required nor does it show the choice of all respective finding statements. 
Objectives: to set up a documentation standard for the U2 distinguishing the most important 
diseases/disorders at a limited level of detailing. 
Methods: the finding scheme of the U2 has been specified based on the German national 
recommendation for the U2. Here, the U2 is the first exhaustive examination of the newborn. Due to 
a lack of detailed descriptions, the U2 has been formalized and arranged in cooperation with 
experienced medical experts, which carry out the U2 in daily routine. 
Results: if all possible finding statements are presented in a hierarchical structure, – even with a 
small font size – it would cover more than 20 pages. Hence, a more condensed structure has been set 
up for presentation. If the general practitioner (GP) is to see (a) the finding statements necessary but 
(b) no more, additional rules can be set up for the masking of finding statements excluded by the 
results of the prior investigation. 
Conclusions: the proposed structure for neonatal documentation serves as a basis for statistical 
analysis. On its basis, investigation can be carried out about (a) problems during the individual 
examination, (b) problem with the documentation and (c) the benefits of automated speech 
recognition systems. 
 
Keywords: Neonatology; Clinical Problem Solving; Decision Support Systems; Clinical Decision 
Trees; Automated Speech Recognition; Medical Documentation; Specification Requirements. 
 1 INTRODUCTION 
An internationally acknowledged scheme for 
the representation of the main examinations in 
Neonatology is still not available. In Germany, 
a sequence of 9 standard examinations is 
defined by a national guideline for children 
[1,2].  
According to this guideline, the first 
examination of a baby has to be carried out 
right after birth. However, it concentrates on 
the documentation of the most important 
aspects of the newborn but does not cover all 
aspects that have to be verified. 
In the following, we suggest a general 
structure for the investigation of the second 
standard investigation of newborn, since this is 
the first exhaustive examination in the life of a 
baby. If the evaluation study about the paper-
based version proves this structure to be 
adequate, it will be utilized in the arising 
speech recognition system (cp figure 1). 
Fehler! Es ist nicht möglich, durch die 
Bearbeitung von Feldfunktionen Objekte zu 
erstellen. 
Figure 1: vision for the usage of the 
presented documentation structure in an 
evaluation study of the speech recognition 
system. 
Later, additional rules can be integrated into 
the Automated Speech Recognition (ASR) to 
constrain the combination of possible 
statements. They can help optimizing the 
process of documentation and enhance the 
recall of the ASR by including error correction 
functionality. Such rules will not be specified 
here and have to be discussed in a future. 
2 STRUCTURING THE SECOND NEONATAL 
STANDARD EXAMINATION (U2) 
The second examination – usually performed 
between the 3rd and the 10th day of life – is the 
first comprehensive verification of the state of 
the newborn. Here, the GP inspects all body 
parts and looks for possible problems. 
Therefore, the U2 is the major examination for 
the determination of serious diseases or 
dysplasias of the baby. 
That is why a quality management can most 
effectively be introduced into the second 
neonatal examination (U2). Since an according 
formalization of the documentation of the U2 
is missing, it has been developed in an 
interdisciplinary team including practitioners 
and informatitioners. The structure presented 
below can serve as a guideline for 
documentation as all decision alternatives have 
been included. 
The structure of the U2 presented in this 
article will serve as a basis for the comparative 
evaluation of (a) paper-based documentation 
and (b) documentation with the help of a 
speech recognition system. 
During the preparation of the new guideline 
special importance has been attached to the 
grouping of partial aspects. Like this, the GP is 
supported in the process of documentation. A 
system can check according to the general 
scheme, whether the partial aspects have been 
verified by the GP. Still, the GP has to be able 
to recognize the respective findings himself. 
The system can only assist him by reminding 
the important aspects of documentation. 
The documentation can be divided into the 
sections General Data about the Infant, 
Anamnestic Data, Anatomic Data, Motor 
Functions / Nervous System, Signs for 
Immaturity, and Administrative Data. These 
sections can again be subdivided as follows: 
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Figure 2: aspects of the second examination 
of a newborn between the 3rd and 10th day of 
life (U2). 
Practically, the partial aspects are processed 
top down. A folder just summarizes and labels 
the subordinated content – it does not affect 
the decision-making itself. An arrow (see 
figures below) marks decision alternatives 
(within one decision level) belonging together 
– only one alternative out of them can be 
chosen. A check mark assigns a binary 
decision – the answer is YES or NO. A text 
sign marks the possibility for free-text entry. 
Symmetries of the documentation structure 
have been used to reduce the size of its 
representation within this article. E.g. the 
analysis of the left and the right arm are 
symmetrically in principal. Therefore, the 
decision structure has only been shown once 
and the symmetry axes have been enumerated 
at the highest respective level (“left, right”: 
side of the body; “I, II, III, IV, V”: number of 
the fingers). 
 
 
Table 1: Legend of symbols. 
 = Folder, grouping of decisions 
 = Choice of one alternative 
 = Binary decision (Y/N) 
  = Entry of free text possible 
Left, Right = Multiple examinations necessary 
 
The GP can specify “sub-area normal” for 
each of the main sub-area if there is no 
respective problem. Like this it can be avoided 
that the system asks each single question. With 
other words, the speed of documentation can 
be enhanced drastically for a healthy baby. 
In the following, the documentation 
structure for the U2 will be shown without 
further comments. With the help of the 
structural definitions above, a GP should be 
able to understand what is required in the 
specific section. 
It has to be emphasized, that a classical 
evaluation of the presented structure is not 
possible for free-text entry and difficult for the 
other fields, since a respective measure 
(golden standard) is missing. In our current 
evaluation, a team of experienced GPs serves 
as the Golden Standard. 
2.1 General Data about the infant 
 
2.2 Anamnestic data 
2.2.1 Pregnancy history 
 
 5
2.2.2 Asked findings 
 
2.3 Anatomic data 
2.3.1 Physical data 
 
2.3.2 Neck 
 
2.3.3 Heart 
 
2.3.4 Lung (breathing) 
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2.3.5 Abdominal organs 
 
2.3.6 Genitalia 
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2.3.7 Cranium / head 
 
2.3.8 Chest / spine 
 
2.3.9 Hips 
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2.3.10 Upper extremities 
 
2.3.11 Knees 
 
2.3.12 Lower extremities 
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2.3.13 Eyes 
 
2.3.14 Mouth 
 
2.3.15 Nose 
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2.3.16 Ears 
 
2.3.17 Skin 
 
 11
2.4 Motor functions, nervous system 
 
2.5 Signs for immaturity 
 
2.6 Administrative data 
2.6.1 Additional information 
 
2.6.2 Information for printing 
 
2.6.3 Important information 
 
 
3 INTEGRATING SPEECH RECOGNITION IN SECOND INVESTIGATION OF NEONATES 
The technology of automated speech recognition (ASR) offers a means of facilitating medical 
documentation. Numerous speech supported medical applications have been developed and assessed 
by evaluation studies [3,4], e.g. for command control of medical devices [5], for the collection of 
medical data [6,7], for template-based medical documentation [8,9], or as an interface for medical 
expert systems [10,11].  
Nevertheless, ASR still hasn’t found its way into clinical routine. One of the reasons is an 
inadequate integration into the respective medical documentation scenario [12]. Hence, it has been 
the main aim of this article to present the structure of documentation in the U2 of Neonatology. This 
structure can also be represented formally and thus be integrated into a speech recognition system for 
the enhancement of the recognition recall. 
The presentation of the decision structure within the ASR-system is shown in figure 3. This 
presentation can also be used as a form for data entry, if the ASR-system does not know the required 
term. 
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Figure 3: Entry mask of the neonatal speech recognition system with knowledge-based 
functionality. 
4 SUMMARY AND PROSPECTS 
The official German booklet for the documentation of the examinations of newborn in does not 
contain all examinations required nor does it show the possible choice of respective finding 
statements. More detailed or comprehensive literature about the respective documentation could not 
be found. Hence, a detailed documentation structure for most important second examination, the U2, 
has been set up and presented in this article. 
In a paper-based representation, a structured questionnaire can help guiding the GP during the 
examination. If the questionnaire is dynamically adapted to the current documentation situation, it can 
help optimizing the process dramatically. Such an adaptation can most effectively be achieved with a 
computer system by introducing a speech recognition system. 
In the future, a comparison of the documentation structure above applied by (a) a paper-based 
version and (b) a speech recognition system will be carried out to measure the respective impact for 
quality management. If the results of this investigation are promising, the research can be extended to 
other parts of Neonatology. The evolving unified documentation scheme can lead to a more 
comprehensive exchangeability of the documentation and make wide-area statistical analysis 
possible. 
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